From the albumin gland of the snail Cepaea hortensis we isolated and characterized a new N-acetyl-D D-galactosamine/N-acetyl-D D-glucosamine (GalNAc/GlcNAc) specific lectin (CHA-II) which was purified by a combination of affinity chromatography on GalNAc-agarose and gel filtration. The purified native lectin was found to be a multimeric protein, as revealed by SDS-PAGE and MALDI-TOF analysis. In SDS-PAGE the denatured and reduced lectin showed two bands of molecular masses with 17 and 15.5 kDa which reacted equally with anti-CHA-II rabbit antiserum. The lectin was O-and N-glycosylated with [(Gal) 2 -Man] 2 -Man-GlcNAc-GlcNAc-Asn as a probable structure for the oligosaccharide. Isoelectric focusing revealed a heterogeneous protein of at least four bands around pH 8.7. Tryptic peptides of CHA-II were N-terminally sequenced and highly degenerated gene specific oligonucleotide primers (GSPs) had been constructed. Using total RNA isolated from albumin glands, cDNAs were produced by the running race technique. Specific PCR fragments were obtained by PCR using GSPs, the universal primer and 5 0 -or 3 0 -RACEcDNAs. The amplified fragments were cloned into the vector pDrive and were sequenced. The resulting total cDNA sequence consisted of 496 base pairs including an open reading frame of 360 base pairs which encoded a protein of 120 amino acids. The protein carried a putative signal peptide. The mature protein was predicted to comprise 99 amino acid residues with a calculated molecular weight of 11,239 Da. The PCR fragment encoding the mature protein was cloned into the vector pQE30 and expressed in E. coli. Recombinant CHA-II lectin was produced as inclusion bodies and extracted by 6 M guanidine hydrochloride. After refolding, the recombinant CHA-II agglutinated specifically human red blood cells of groups A and AB. In immunodiffusion experiments using rabbit antiserum raised against the native lectin, the protein showed a precipitation line of identity with the native lectin.
Introduction
Lectins are proteins that share the ability to specifically recognize certain carbohydrate structures. They represent a heterogeneous group of oligomeric proteins varying in size, structure, molecular organisation, as well as in their carbohydrate-binding sites. Lectins are widely distributed among plants, viruses, bacteria, mammalians and several groups of snails. In invertebrates the albumin glands in particular contain high concentrations of lectins. In 1965, Prokop et al. [15, 16] Helix pomatia high concentrations of a lectin that specifically reacts with human blood cells of group A. Because of its binding properties, which are comparable to antibodies and its possible role in the defense mechanism against bacterial infections it was named protectin Anti-A hel [16] , now better known as H. pomatia agglutinin (HPA).
Previously, we reported that the albumin glands of the garden snail (Cepaea hortensis) contained two lectins of different specificity (C. hortensis agglutinins, CHA-I and CHA-II) [4, 5] . CHA-I specifically binds sialic acid containing structures and agglutinates human erythrocytes in the presence of divalent cations, like calcium, manganese or magnesium [19, 20] . The specificity of this lectin has been thoroughly studied by Brosmer et al. [1] and its biochemical and physicochemical properties have been described [4] . Recently we cloned the corresponding gene and expressed it in E. coli [5] .
Until now, no experimental data have been published dealing with the nature of the second lectin (agglutinin, CHA-II) of the snail C. hortensis. Only its binding to Nacetyl-D D-galactosamine containing structures was reported [19] . The lectin CHA-II showed some similarities in its specificity to the HPA and lectins of other snails [9, 15] .
The lectin of C. hortensis (CHA-II) might be of special interest because of its high affinity and particular specificity for glycoconjugates containing terminal GalNAc and GlcNAc residues. Thus, this lectin could represent an useful tool in microbiology [8] , e.g., in examining cell surfaces and in detection of alterations in protein glycosylation, which may be a useful marker for a disease state [12] . In this study, we first describe a comprehensive chemical and physical characterization of the native lectin CHA-II. Moreover, its gene was identified and expressed in E. coli.
Materials and methods
2.1. Isolation and characterization of the GalNAc/GlcNAc specific lectin CHA-II 2.1.1. Extraction, purification and characterization of the lectin
The crude lectin was isolated from the albumin gland of the garden snail C. hortensis as described previously [4] with slight modifications. Briefly, frozen albumin glands of the snail C. hortensis were grinded and extracted two times with buffer A (0.15 M NaCl, 0.05 M Tris-HCl (pH 7.5)) for 30 min each. The cleared and sterile filtered extract was loaded directly onto a column of N-acetyl-D D-galactosamine agarose (Sigma). The non-adsorbed material (containing the sialic acid-binding lectin CHA-I) was washed off with buffer A. Elution was performed with buffer A containing 10 mM GalNAc. The fractions containing the CHA-II lectin activity were collected and precipitated at 80% ammonium sulfate saturation. A final purification was done by gel filtration on Superdex 200 (16/60, Amersham-Pharmacia). The gel filtration buffer 0.15 M NaCl, 0.02 M Tris-HCl, 0.03% (w/v) NaN 3 (pH 7.5) was supplemented with 10 mM GlcNAc to prevent adsorption of the CHA-II on the gel. The purity was monitored by SDS-PAGE in 12.5% gels. The glycosylation state of the bands was confirmed in SDS-PAGE gels by periodate oxidation following staining with SchiffÕs reagent according to Carlsson [2] . The purified CHA-II was further characterized by isoelectric focusing on Ampholine-PAGE plates ranging from pH 3.5-9.5 (Amersham Pharmacia Biotech) according to the manufacturerÕs instruction. For measurement of pH and lectin activity, the gel was sliced and the slices were eluted with water.
Carbohydrate analysis and MALDI-TOF analysis
For gas liquid chromatography (GLC), a Varian 3700 GC or a Hewlett-Packard (HP 5890 serie II) GC equipped with a capillary column (fused silica SPB-5, 30 m, Supelco) was used. Combined GLC/mass spectrometry (GLC/MS) was performed using a mass spectrometer (HP model 5989) equipped with a HP-1 capillary column (30 m). Screening for sialic acids was done after hydrolysis of 350 lg lectin at 85°C for 45 min in 0.45 M HCl/MeOH. Hydrolysis products obtained in 2 M HCl/MeOH were tested for the presence of uronic acids. The neutral sugars were determined as alditol acetates after hydrolysis in 2 M trifluoroacedic acid (100°C, 4 h). O-glycosydically linked saccharides were analysed after cleavage by 2 M NaBH 4 in 0.1 M NaOH.
Chemical deglycosylation
0.5 mg CHA-II was treated with 100:1 trifluoromethanesulfonic acid at 0°C for 2 and 72 h, respectively, according to Sojar and Bahl [17] . Subsequently, the reaction mixture was neutralized by addition of 260:1 60% (w/v) pyridine, dialyzed against 0.02 M Tris-HCl buffer pH 8.0 and analyzed by SDS-PAGE.
Protein determination and haemagglutination assay
The bicinchoninic acid assay (Sigma) with bovine serum albumin as standard was used for protein quantification. For determining the haemagglutination activity, serial dilutions of 100 ll of the lectin in Tris-buffer (0.15 M NaCl, 0.02 M Tris-HCl, pH 7.5) or phosphate buffered salt (PBS) were prepared on microplates. To each well 50:1 of a 5% red blood cell suspension in the same buffer was added, and the titer was read after 60 min incubation.
Determination of amino acid sequence
Due to unsuccessful attempts to obtain an N-terminal sequence, the lectin was cleaved using sequencing grade trypsin (Promega, Madison, USA). The tryptic peptides were separated by HPLC on a reversed phase RP18 column (Sephasil TM C18 SC 2.1/10, Amersham Biosciences). Micro sequence analysis was done on an amino acid sequencer model 494A (Applied Biosystems) according to the manufacturerÕs instructions.
Antisera production and Western blotting
The purified GalNAc specific lectin (CHA-II) was used to raise antibodies in rabbits according to a protocol described recently [4] . For Western blotting, samples were separated by SDS-PAGE and transferred onto nitrocellulose membranes. After blocking the membrane with 5% (w/v) skimmed milk, blots were incubated with specific rabbit antiserum (1:200, diluted in blocking buffer) and developed with peroxidase labelled pig anti- The albumin glands of the garden snail C. hortensis stored in RNA later stabilizing reagent were homogenized by a conventional rotor-stator homogenizer. The total RNA was prepared using the RNeasy-Kit (Qiagen) as described recently [5] . A batch of the RNA was used for synthesis of complete cDNAs by the SMART TM RACE cDNA amplification kit (BD Clontech), resulting in a 5 0 -RACE cDNA and a 3 0 -RACE cDNA bearing the specific nucleotide sequence of the universal primer (UPM ) on its ends (Table 1) .
Preparation of gene-specific PCR fragments
Degenerated primers were constructed on the basis of the amino acid sequences, which were revealed from the tryptic peptides of CHA-II (compare Table 3 ). PCR with primers UPM, degenerated primers and 5 0 -RACE cDNA or 3 0 -RACE cDNA as templates resulted in DNA fragments containing the 5 0 -or the 3 0 -region of the cDNA of the gene gagg-II. The following PCR protocol was used: 1 · (94°C-1 min); 5 · (94°C-5 s, 65°C-10 s, 72°C-3 min); 30 · (94°C-5 s, 60°C-10 s, 72°C-3 min); 1 · (72°C-7 min); hold at 4°C. The PCR products were separated by electrophoresis on 2% (w/v) agarose gels, extracted from the gel (gel extraction kit, Invitek, Berlin) and ligated into the vector pDrive (Qiagen). After transformation into E. coli (EZ competent cells, Qiagen) the corresponding plasmids were used for sequencing. From the obtained DNA sequences, we constructed new intern specific primers to complete the sequence of the gene gagg-II (Table 1) .
Sequence reaction was performed using the bigdye terminator sequencing kit in a GeneAmp System 2400 of Perkin-Elmer. The sequences were analysed in a ABI-Prism 310 Capillary sequencer (Applied Biosystems). The sequence of the gene gagg-II was submitted to the EMBL data base under the accession number AJ639656. Blast search analysis was done on of NCBI and EMBL-web servers.
Construction of the expression vector
For insertion of the encoding gene gagg-II into the expressions vector pQE30 (Qiagen), we started with a PCR fragment that was designed on the basis of the gagg-II cDNA sequence. The primers were designed to obtain a gene fragment of gagg-II without the putative signal sequence. The primers contained the restriction sites Bam H1(fw) and Hind III (rv) on their 5 0 -ends ( Table 1 ). The PCR product was first cloned into the vector pDrive and the sequence of the inserted fragment was confirmed by DNA sequence analysis. The plasmid was cleaved with Bam H1 and Hind III before the isolated fragment was ligated into the vector pQE30 pretreated in the same way with both enzymes. The ligation mixture was transformed into the E. coli strain M15 [pREP4] (Qiagen). The obtained clone pQ30-rCHA-II was used for expression studies. 2.2.4. Isolation and characterization of the recombinant lectin rCHA-II A 2 ml LB over night culture of the E. coli clone pQE30-rCHA-II was used for inoculation of 200 ml LB medium containing 100 lg/ml ampicilline and 25 lg/ml kanamycine. After shaking at 37°C for 3 h the lectin production was induced by addition of IPTG to a final concentration of 2 mM. Incubation was continued for 20 h. The cells were harvested by centrifugation, washed once with PBS and suspended in 15 ml buffer I (0.15 M NaCl, 0.02 M Tris-HCl, pH 7.7). The suspension was sonicated three times for 7 min at 4°C. After centrifugation, the pellet was washed with buffer I. The inclusion bodies were dissolved in 10 ml 6 M guanidine hydrochloride buffer (GuHCl, pH 7.5) and used for affinity chromatography on a Ni-agarose column. After washing with a buffer containing 6 M GuHCl plus 20 mM imidazol-HCl (pH 7.0), the lectin was eluted with 0.5 M imidazol (pH 7.0) in 6 M GuHCl. For analysis of eluted fractions, small samples were precipitated with 4 volumes ethanol and the precipitates were dissolved in sample buffer and analysed in SDS-PAGE. Lectin containing fractions were combined. The lectin was precipitated by dialysis against 0.02 M Tris-HCl buffer (pH 7.7) and dissolved in 6 M urea and 0.02 M Tris-HCl buffer (pH 7.7) containing 5 mM dithiothreitol (DTT). After dilution of 1:5 in PBS, this solution of recombinant lectin (rCHA-II) was directly used for haemagglutination.
Refolding of rCHA-II dissolved in 6 M urea (about 1 mg/ml) has been done by a fast dilution into 15 volumes 10 mM GlcNAc in 0.02 M Tris-HCl buffer (pH 8) and incubation over night at 4°C. The refolded lectin (yield about 10%) was concentrated by precipitation at 80% ammonium sulfate saturation and dissolved in water. The refolded protein was stable and remained soluble in water or PBS at 4°C and could be used in immunodiffusion on agar gels.
Results

Characterization of the native GalNAc/GlcNAcspecific lectin (CHA-II)
The native lectin CHA-II was eluted by gel filtration on Superdex 200 as a homogenous peak with an apparent molecular weight of about 45 kDa. The running buffer had to contain 10 mM GlcNAc in order to prevent Fig. 1 . GPC-elutions profile of the GalNAc/GlcNAc-binding lectin CHA-II. The lectin was eluted from the Superdex 200 column as symmetric peak corresponding to a molecular weight of about 45 kDa (dimer). Inserted pictures: (a) isoelectric focussing of purified lectins from the snail C. hortensis. CHA-I, the sialic acid specific lectin and CHA-II, the GalNAc/GlcNAC binding lectin; (b) SDS-PAGE of denaturated lectin CHA-II before and after chemical deglycosylation (deglyc) and C, CHA-II after SDS-PAGE blotted to NC membrane. Gl, glycostained and P, stained with Ponceau red. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) adsorption of the lectin on the gel. After reduction and denaturation, the purified lectin appeared in SDS electrophoresis as double band with molecular weights of 17 and 15.5 kDa, respectively. Staining of the gel with periodic acid SchiffÕs reagents showed that both bands were glycosylated (Fig. 1) .
If the native CHA-II was not reduced with DTT and not heated it moved in SDS-PAGE as one band at a molecular weight of about 65 kDa. Additionally, some highly aggregated material was visible at the start position (Fig. 2) .
The UV spectrum of purified CHA-II showed a picture typical for proteins. Its absorption maximum was found at 278 nm and its minimum at 252.2 nm at pH 7.5. The ratio of absorption at wavelength 278-252.5 nm was 1.65. The specific absorption coefficient at 280 nm was calculated to about 2.0 AU/mg protein.
In contrast to SDS-PAGE, in isoelectric focusing native CHA-II showed a more heterogeneous pattern with four stronger bands near pH 8.7 (Fig. 1) . The purified native lectin agglutinated sheep erythrocytes to a final concentration of about 0.1 lg/ml. Only human erythrocytes of blood groups A or AB were agglutinated. Furthermore, CHA-II specifically agglutinated group C streptococci.
Agglutination of erythrocytes was inhibited by GalNAc and by GlcNAc (slightly reduced). 
Carbohydrate analysis of CHA-II
Glycostaining of SDS-PAGE gels revealed that both bands at 17 and 15.5 kDa were glycosylated (Fig. 1) . Deglycosylation experiments using glycanases F or A were unsuccessful. However, after deglycosylation with TFMS (2 h at À20°C), we found only one band in SDS-PAGE with a slightly smaller molecular weight as the 15.5 kDa band of the native lectin (Fig. 1) . In further experiments, we performed a carbohydrate analysis. Mild hydrolysis of CHA-II with 0.5 M HCl in methanol for 45 min at 85°C following peracetylation released two hexoses and two hexosamines but no uronic acids and no sialic acid. Even after strong methanolic hydrolysis (2 M HCl/MeOH, 16 h, 85°C) of the lectin, no uronic acid could be detected. Hydrolysis in 2 M trifluoroacetic acid (2 M, 100°C, 4 h) revealed the sugars Man, Glc, Gal, GlcNAc and GalNAc (Table 2) . Fig. 2 . MALDI-TOF analysis of the GalNAc/GlcNAc binding lectin of C. hortensis. Da peak was assigned to the non-glycosylated monomer, and the other peaks might represent di-, tri-, tetra-, hex-or octa-meric glycosylated forms. Left, (a) SDS-PAGE of the non-reduced, non-heated lectin showed some highly aggregated material and a main band at a molecular weight of about 65 kDa; (b) partial reducing of CHA-II by the bmercaptoethanol from the neighbour well resulted in a moleclur weight shift caused by depolymerization of the lectin. 
Amino acid sequence analysis
Since attempts to analyse the N-terminal amino acid sequence of CHA-II failed, we assumed that this part of the molecule was blocked. Internal sequences of the lectin were obtained after cleavage with trypsin. N-terminal sequences of the isolated peptides, which were used for Fig. 3 . cDNA sequence and the deduced amino acid sequence of the GalNAc/Glc/NAc binding lectin of C. hortensis. The Gal 5 to Gal 12 peptides were selected for construction of degenerated primers. Binding sites for the corresponding transription factors TBP, Oct-1, Ep1, MIG1 and Cp1 were obtained by data bank analysis. In italic, the putative signal sequence peptide.
construction of degenerated primers are presented in Table 3 .
MALDI-TOF analysis and comparison with SDS-PAGE
MALDI-TOF analysis of native CHA-II resulted in four main peaks corresponding to molecular weights of 11,255, 23,958, 49,035 and 75,297 Da (Fig. 2) . SDS-PAGE of the native lectin revealed one band with an apparent molecular weight of about 65 kDa and some aggregated protein near the start position. Some additional bands could be observed in SDS-PAGE if CHA-II was partially reduced. This was the case, if reduced standard proteins were run in the neighbouring well (Fig. 2) .
Identification of the CHA-II encoding gene gagg-IIs
The degenerated primers deduced from the tryptic peptides of CHA-II combined with the primer UPM were used for PCRÕs ( Table 1 ). The 5 0 -RACE -and 3 0 -RACE -cDNAs produced from the total RNA were used as templates. The PCR fragment were cloned into the vector pDrive and sequenced with the plasmid specific primers M13rv and SP6rv.
From the first obtained sequences we constructed gene specific primers to complete sequencing of the cDNA. The resulting cDNA sequence showed a TATA box at a base 63 upstream of a start codon suggesting a promoter region. An open reading frame of 360 bp was found downstream of this region (Fig. 3) . The open reading frame encodes a protein of 120 amino acids and contained the amino acid sequences of the identified intern peptides of native CHA-II (Fig. 3) . This shows that the open reading frame encodes the protein CHA-II we searched for. CHA-II seems to possess a signal peptide [13] . For cloning and expression of rCHA-II in E. coli we designed a PCR fragment lacking this signal sequence by using the primers express-fw and express-rv ( Table 1 ). The PCR fragment of gagg-II was ligated into the expression vector pQE30 to introduce an N-terminal His-taq fusion and transformed in E. coli. 
Biological characterization of native and recombinant lectin CHA-II
The rCHA-II was expressed as inclusion bodies in E. coli. After sonication of the E. coli cell pellet the inclusion bodies were partially purified and dissolved in 6 M GuHCl. From this solution, the rCHA-II was purified on a Nickel-agarose column. Purified rCHA-II was dissolved in the presence of 6 M urea in 0.02 M Tris-HCl, pH 7.5 buffer. This solution could directly be used for haemagglutination assays. rCHA-II showed the same specificity as the native lectin and agglutinated specifically human erythrocytes of blood groups A and AB. The rCHA-II solution of 0.7 mg/ml (A 280 = 1.41) agglutinated human erythrocytes to a final concentration of 2.2 lg/ml which was about 1/20th of the activity of native lectin.
Partial refolding of rCHA-II was obtained by fast mixing of rCHA-II in 6 M urea buffer with 15 volumes of 10 mM GlcNAc. After refolding rCHA-II was concentrated to a final concentration of 0.31 mg/ml, A 280 = 0.621 in PBS. The protein showed increased agglutination activity to a final concentration of 0.6 lg/ml. In the immunodiffusion test on agar plates rCHA-II produced a precipitation line identical to the native lectin after incubation with rabbit antiserum raised against native CHA-II (data not shown).
No cross reaction between the two lectins CHA-I and CHA-II of C. hortensis was found in the agar immunodiffusion, independent from using anti-CHA-I or anti-CHA-II antiserum in the central well.
In contrast, in Western blots we found some cross reaction between both lectins CHA-I and CHA-II regardless whether antiserum against native CHA-I or native CHA-II was used. Only the non-glycosylated 17 kDa band did not cross react (Fig. 4) . No cross reaction in Western blots was detected when antibodies against rCHA-I (rCHA-I was not glycosylated) were used. The blotting results revealed that a part of the antibodies, which were produced against the native lectins were directed against the polysaccharide moieties of lectins. Supportive evidence was provided by the carbohydrate analysis of CHA-I [4] and CHA-II. The polysaccharide chains of both lectins were found to be terminated by a Gal-Gal structure (Table 2 ).
Discussion
The albumin glands of the C. hortensis produce two lectins of different specificity, a sialic acid binding lectin (CHA-I) which we described recently [4, 5] and a second GalNAc/GlcNAc specific lectin CHA-II, described here. The lectin CHA-II was characterized as a glycoprotein containing about 15-20% (w/w) carbohydrate. As sugar components we detected Gal, Glc, Man, GlcNAc and GalNAc. CHA-II agglutinated human red blood cells of groups A and AB and had a similar specificity as described for the H. pomatia agglutinin HPA [9, [14] [15] [16] . No divalent cations were necessary for the binding activity of CHA-II, in contrast to the sialic acid binding lectin of C. hortensis CHA-I which needs Ca 2+ , Mg 2+ or Mn 2+ ions [4, 5] . The molecular mass of native, not reduced lectin CHA-II was found to be about 65 kDa by SDS-PAGE and 75 kDa by MALDI-TOF MS analysis. The results of MALDI-TOF and SDS-PAGE of native lectin suggests that the multimeric protein my be arranged as a hexamer in a similar manner as described for the H. pomatia agglutinin by Lisgarten et al. [10] . The MALDI-TOF MS analysis also revealed a 11.254 kDa peptide as the smallest molecular mass which could be assigned to the non-glycosylated monomer. Moreover, in MALDI-TOF MS we observed additional molecular masses of higher aggregates, which were di-(24 kDa), tetra-(49 kDa) and hexa-mers (75.3 kDa) (Fig. 2) . The molecular masses of aggregated forms are not direct multiples of the monomers. The differences may be caused by heterogeneous glycosylation states.
SDS-PAGE of reduced and denaturated CHA-II resulted in two bands with molecular weights of 17 and 15.5 kDa. (Fig. 1) . Both bands reacted in Western blots with antibodies produced against native lectin. The 17 kDa band of SDS-PAGE gels was found to be higher glycosylated than the 15.5 kDa band of CHA-II. The difference between the molecular weights of both bands was 1.5 kDa, which is equivalent to the molecular mass of the N-glycosydically linked oligosaccharide. Results from sugar analysis suggested [(Gal) 2 -Man] 2 -Man-GlcNAc-GlcNAc-N polysaccharide structure, which has a calculated molecular weight of 1.72 kDa. Previously, we found a related polysaccharide structure [(Gal) 6 -GlcNAc-Man] 2 -Man-GlcNAcGlcNAc-N in the lectin CHA-I, the sialic acid binding lectin of C. hortensis [4] . The similarity in the polysaccharide structures support the results of Western blot analysis, which showed cross reactivity between the native glycosylated CHA-I and CHA-II (Fig. 4) . In contrast, amino acid sequences of both lectins are completely different. Hence, no cross reaction between both lectins could be observed in Western blots when the blots were developed with antibodies purified by affinity chromatography on recombinant lectins (data not shown).
The lectin CHA-II carried N-as well as O-glycosydically linked sugars. The O-glycosydically bound GalNAc was only monomeric.
Only chemical deglycosylation was successful to remove the polysaccharide from the lectin. This was confirmed by SDS-PAGE. After deglycosylation only one band with a molecular mass, smaller than 15.5 kDa, was found (Fig. 1) .
Isoelectric focusing revealed that the purified native CHA-II showed a more complex pattern of bands than found in SDS-PAGE. Between four to six bands appeared around pH 8.7 which was caused by differences in the glycosylation state. Similar observations have been described after isoelectric focusing of other glycosylated lectins, like H. pomatia agglutinin [9, 18] , CHA-I lectin of C. hortensis [4] , GalNAc-specific lectin from a starfish [7] or a lectin from the freshwater prawn Macrobrachium rosenbergii [21] .
Data bank analysis with sequences translated from the gene gagg-II did not reveal significant homology to other proteins. The best similarity (about 38.8%) was found to segments in the proteins discoidin I and II, Gal-and GalNAc-binding lectins, from the ameboid protozoan Dictyostelium discoideum [3] .
Analysis of a promoter region of the gene sagg-II revealed a TATA box and some binding sites for different transcription factors upstream the start codon. However, a known promoter sequence could not be identified (Fig. 3) [6, 11] .
Signal sequence prediction [13] of the encoding protein CHA-II identified a putative signal peptide cleaved between positions 19 and 20 (SAA-QRAQ). The predicted mature protein contains at least 101 amino acids (molecular weight of 11.522 Da). MAL-DI-TOF analysis revealed a molecular mass of 11255 Da for the monomeric, but not glycosylated lectin. According to this analysis the cleavage position of the signal peptide would be located between amino acids 21 and 22 (SAAQR-AQTGEI) and the mature CHA-II would be a protein of 99 amino acids. Due to the blocked N-terminus, we could not locate the start of the mature protein by amino acid sequencing.
On basis of the cDNA sequence we cloned the gene starting at the translated amino acid position 20 (without signal peptide) into the expression vector pQE30. This construct produced an N-terminal His-Taq and the two additional amino acid residues glycine and serine resulting in the N-terminus MRGSHHH HHHGS-QRAQ (compare Fig. 3 ). The recombinant lectin (rCHA-II) was produced in E. coli as a nonglycosylated protein in form of inclusion bodies. The purified rCHA-II was was dissolved in 6 M urea buffer and a refolded soluble rCHA-II could be obtained by fast dilution in 10 mM GlcNAc. The refolded recombinant lectin agglutinated human red blood cells of groups A and AB in same manner as the native CHA-II. Refolded rCHA-II gave a precipitation line of identity to the native lectin in the agar immunodiffusion test. The agglutinating activity of rCHA-II provides evidence that an oligosaccharide moiety is not necessary for the biological activity of CHA-II from C. hortensis.
